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Reproductive ecology of interior least tern and piping plover in 
relation to Platte River hydrology and sandbar dynamics







































and	piping	plover	 (Charadrius melodus)	 (Figure	1)	 are	 two	species	of	
endangered	and	threatened	birds	that	nest	on	barren	to	sparsely	veg-
etated	riverine	sandbars,	sand	and	gravel	pits,	and	along	lake	shore-
lines	 in	 North	 America	 (USFWS,	 1990).	 The	 Platte	 River	 Recovery	
Implementation	Program	 (Program)	 has	 been	 tasked	with	 improving	



























embraced	 this	 concept,	 stating	 these	 species	 are	 adapted	 to	 begin	
nesting	in	the	CPR	after	water	levels	recede	and	sandbars	are	exposed	






















Dugger	 et	al.,	 2002;	 Jorgensen,	 2009).	 However,	 there	 have	 been	
few	attempts	to	quantitatively	evaluate	differences	through	compar-
ative	 analyses.	 In	 this	 investigation,	we	 endeavored	 to	 (1)	 examine	








We	 included	 two	 segments	 of	 the	 Platte	 River	 in	 Nebraska	 in	 our	






2.2 | Species nest initiation in relation to Platte 
River hydrology
We	 computed	 the	mean	 annual	 hydrograph	 for	 the	 historical	 AHR	
and	contemporary	AHR	and	LPR	reaches	from	mean	daily	discharge	






2.2.1 | Nest and brood exposure data
We	 compiled	 the	 specific	 dates	 least	 tern	 and	 piping	 plover	 initi-
ate	nests,	hereafter	 referred	to	as	nest	 initiation	dates,	 from	all	on-	
and	off-	channel	CPR	monitoring	data	 for	 the	period	of	2001–2013	
(Baasch,	 2014)	 and	 used	 standard	 Program	 nest	 exposure	 periods	F IGURE  1 Piping	plover	tending	its	nest
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(nest	 initiation	 to	chick	 fledging)	 to	establish	 the	nesting	and	brood	
rearing	period	 for	 each	 species	 (Baasch,	Hefley,	&	Cahis,	 2015).	To	









of	 specific	 interest	 in	 this	 study.	However,	with	 the	 exception	of	 a	 
5-	year	period	from	1902	to	1906,	they	were	unavailable	prior	to	1915	
(Stroup,	 Rodney,	 &	Anderson,	 2006).	Mean	 daily	 flows	were,	 how-
ever,	available	upstream	on	the	North	Platte	River	near	North	Platte,	
Nebraska	 in	 all	 years	 except	 1910	 and	 on	 the	 North	 Platte	 River	
above	Lake	McConaughy	in	all	years	except	1913–1914	(Stroup	et	al.,	
2006).	 We	 used	 a	 flow	 record	 extension	 technique,	 Maintenance	
of	Variance	 Extension	 Type	 1	 (MOVE.1;	Hirsch,	 1982),	 to	 estimate	


















2.3 | Emergent sandbar availability model
We	developed	a	 simple	deterministic	model	 to	estimate	 the	annual	




(1) Identify	maximum	daily	 discharge	 for	 the	 period	 from	1	 January	
the	 year	 prior	 to	 each	 analysis	 year	 and	 ending	 1	 July	 of	 the	
analysis	 year	 (hydrology	 methods	 presented	 in	 Section	2.2.2).	
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habitat-forming	 discharge	 (DISCHHAB)	 controlling	 the	 height	 of	
sandbars	 in	 the	 analysis	 year.	 The	 1.5-year	 period	 for	 identifi-
cation	 of	 DISCHHAB	 allowed	 for	 sandbar	 persistence	 through	
two	 nesting	 seasons.











to	determine	whether	bar	height	exceeded	 river	 stage	 (i.e.,	were	
emergent).
(6) Calculate	 the	maximum	 number	 of	 contiguous	 days	 during	 each	






initiated	 and	 successfully	 fledge	 chicks	 without	 being	 inundated	
(success	window).
2.3.1 | Hydraulics (stage–discharge relationships)
We	 used	 stream	 gage	 stage–discharge	 rating	 curves	 to	 character-
ize	 river	 hydraulics	 in	 the	 contemporary	 reaches	 in	 an	 effort	 to	 be	
consistent	with	previous	analyses	 (Jorgensen,	2009;	Parham,	2007).	








modeled	 HEC-	RAS	 stage–discharge	 relationships	 (HDR	 Inc.	 et	al.,	
2011)	at	 these	 locations	 to	USGS	stage–discharge	 rating	curves	 for	
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In	the	LPR,	we	compared	USGS	stage–discharge	relationships	at	











torical	AHR.	However,	we	 compared	 channel	width	 in	 the	modeled	
reach	near	Odessa,	Nebraska	 (1,300	m)	 to	 that	 of	 the	 channel	 near	






discharge	 in	 the	historical	AHR	was	 somewhat	 lower	 than	 the	 con-
temporary	LPR	reach.	The	reason	for	this	disparity	is	apparent	from	a	
channel	cross	section	comparison.	The	historical	AHR	was	much	wider	









0.46	m	 below	 peak	 stage	 (Program	 unpublished	 report;	 Figure	7).	
The	USGS	conducted	field	surveys	of	sandbar	topography	in	the	LPR	
following	the	2010	high-	flow	event	and	generated	a	similar	sandbar	
height	 distribution	 (Alexander,	 Schultze,	 &	 Zelt,	 2013).	 The	median	
height	 in	the	LPR	following	the	2010	event	was	0.61	m	below	peak	
stage	 (Alexander	et	al.,	2013).	A	sandbar	height	potential	of	0.46	m	
below	 peak	 stage	was	 used	 for	 the	 contemporary	 AHR	model	 and	
0.61	m	was	used	for	the	LPR	model.
Median	bed	material	 grain	 size	 in	 the	 contemporary	AHR	 is	 ap-












2.4 | Emergent sandbar availability model 
performance and sensitivity
We	 qualitatively	 assessed	 the	 performance	 of	 the	 model	 through	
comparison	 of	 model	 results	 with	 recorded	 observations	 of	 nest	
loss	due	to	inundation,	focusing	on	discharges	that	inundated	nests	
in	 relation	 to	habitat	 forming	discharge.	We	assessed	 the	 sensitiv-
ity	of	success	window	to	stage–discharge	relationships	and	sandbar	












































3.1 | Species nest initiation in relation to the annual 
hydrograph of the Platte River
The	contemporary	AHR	nest	initiation	window	for	piping	plovers	was	





rearing	 season	 for	 piping	 plovers	 encompassed	 the	 period	 from	 1	
May–26	August	and	28	May–30	August	for	least	terns	(Table	2).
Two	spring	rises	are	evident	in	the	annual	hydrographs	of	the	his-
torical	 AHR,	 contemporary	 AHR,	 and	 contemporary	 LPR	 (Figure	8).	
The	first	occurs	 in	 the	February–March	period	and	the	second	peak	
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3.2 | Emergent sandbar availability model
We	found	the	median	annual	windows	the	species	could	have	 initi-
ated	a	nest	 and	 successfully	 fledged	chicks	 (success	window)	 to	be	
highest	 in	the	LPR	reach	and	 lowest	 in	the	historical	AHR	(Table	3).	
However,	the	median	success	window	for	piping	plover	was	minimal	
in	all	reaches	(<5	days).	The	success	window	for	least	terns	was	some-










3.3 | Emergent sandbar availability model 
performance and sensitivity

































the	 discharge	 necessary	 to	 inundate	 sandbars	 used	 by	 the	 species.	
Consequently,	 model	 sandbar	 heights	 of	 appear	 to	 be	 conserva-
tively	 high,	 overestimating	 the	 potential	 for	 reproductive	 success.	







utable	 to	 sandbar	 height	 (Table	4).	Our	 sensitivity	 analysis	 indicates	
that	sandbar	height	assumption	has	a	much	larger	influence	on	model	





Median success window (days) No success window (% of years) Season- long success window (% of years)
Piping plover Least tern Piping plover Least tern Piping plover Least tern
LPR	reach 1954–2012 4 21 42 17 22 25
Contemporary	AHR 1954–2012 0 14 53 29 25 29












Sandbar height  
(% of variance)
Piping plover Least tern Piping plover Least tern
LPR	reach 6.0 6.1 94.0 93.9
Contemporary	
AHR
3.6 5.3 96.4 94.7
Historical	AHR 2.0 3.9 98.0 96.1
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the	 late-	spring	 rise	which	 typically	 occurs	 in	mid-	June.	 The	median	
nest	initiation	dates	for	piping	plovers	and	least	terns	are	15	May	and	
10	June,	respectively,	which	is	prior	to	and	concurrent	with	the	late	
spring	 rise.	Given	 a	majority	 of	 nests	 are	 initiated	by	 these	 species	


































It	was	 also	 assumed	 that	 the	 contemporary	 LPR	 (and	 by	 exten-
sion	the	historical	AHR)	channel	supports	least	tern	and	piping	plover	
reproductive	 levels	 that	 are	 sufficient	 to	maintain	 species	 subpopu-
lations.	Within	 the	contemporary	AHR	and	LPR,	piping	plovers	nest	







limits	 the	potential	 for	successful	 reproduction	as	chicks	 from	nests	
initiated	 in	 late	June	or	early	July	would	not	fledge	until	September.	
Least	 terns	 have	 a	 greater	 potential	 for	 successful	 renesting	 given	
their	 incubation	 and	 brood	 rearing	 period	 is	 about	 2	weeks	 shorter	
than	piping	plovers.
Three-	year	 running	 average	 fledge	 ratios	 of	 1.13	fledglings/
pair	 for	 piping	 plovers	 and	 0.70	fledglings/pair	 for	 least	 terns	 have	
been	proposed	 as	 necessary	 to	maintain	 a	 stable	 to	 growing	piping	
plover	and	least	tern	populations	 in	the	AHR	(Lutey,	2002).	The	his-
torical	AHR	model	 results	 indicate	 some	 potential	 for	 piping	 plover	











subpopulations	 in	 the	contemporary	AHR	and	LPR	segments	 is	also	
low.	During	years	that	have	a	potential	for	reproductive	success,	av-
erage	 piping	 plover	 fledge	 ratios	 required	 to	maintain	 a	 stable	 sub-












in-	 and	 off-	channel	 habitats.	 The	 earliest	 species	 observations	 in	 the	
AHR	include	documentation	of	nesting	on	natural	sandbars,	artificially	
created	on-	channel	islands	comprised	of	spoil	from	a	sandpit	operation,	








viewed	 as	 an	 inferior	 alternative	 to	 on-	channel	 nesting	 habitat	 that	
became	necessary	as	on-	channel	habitat	suitability	declined	over	his-
torical	 timeframes	 (National	Research	Council,	2005;	Sidle	&	Kirsch,	





Since	 2007,	 the	 program	 has	 implemented	 an	 Adaptive	
Management	Plan	to	explore	key	uncertainties	related	to	the	response	







shifted	 toward	 species	 management	 activities	 focused	 primarily	 on	
maintaining	a	substantial	supply	of	suitable	off-	channel	habitat	while	
providing	a	 limited	amount	of	on-	channel	habitat.	This	shift	 in	man-
agement	for	 least	 tern	and	piping	plover	based	on	program	 learning	
represents	a	successful	application	of	adaptive	management,	unique	
among	 riverine	 restoration	 programs	 attempting	 adaptive	 manage-
ment	at	large	scales.
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